Abstract. The 1991 ROSAT PSPC M31 X-ray point source catalog has been screened in order to set up a sample of candidate supersoft sources in this galaxy, additional to the 16 supersoft sources already known in M31 . Selection criteria used were based on hardness ratios ("X-ray colors"), as developed in an earlier paper (Kahabka 1998). An additional criterion to be fulfilled was that the observed count rate is in agreement with the expected steady-state luminosity for a source with these hardness ratios. This condition constrained mainly the hydrogen absorbing column towards the source. 26 candidates not correlating with foreground stars and M31 supernova remnants have been found to fulfil one of the selection criteria. They can be considered to be candidate supersoft sources in M31. This comprises 6% of all point sources in this galaxy. For these candidates absorbing hydrogen column densities, effective temperatures and white dwarf masses (assuming the sources are on the stability line of surface nuclear burning) are derived. An observed white dwarf mass distribution is derived which indicates that the masses are constrained to M > ∼ 0.90 M ⊙ . The entire population of supersoft sources in M31 is estimated taking a theoretical white dwarf mass distribution into account and under the assumption that the observationally derived sample is restricted to white dwarf masses above 0.90 M ⊙ . Taking into account that the gas and the source population have different scale heights a total number of at least 200-500 and at most 6,000-15,000 sources is deduced (depending on the used galaxy N H model), making use of the population synthesis calculation of Yungelson (1996) .
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The spatial distribution favors a disk (or spiral-arm) dominated young stellar population with a ratio of 1/(4-7) of bulge/disk systems, very similar to what has been found for novae in the Milky Way but lower than favored for novae in M31 (∼1/2). Supersoft sources and Cepheids both show association with the M31 spiral arms and may belong to a younger stellar population. A mean space density of ∼ (0.1 − 5) × 10 −8 pc −3 is inferred for the supersoft sources. Assuming that all supersoft sources with masses Send offprint requests to: ptk@astro.uva.nl in excess of 0.5 M ⊙ are progenitors of supernovae of type Ia, a SN Ia rate of (0.8 − 7) × 10 −3 yr −1 is derived for M31 based on these progenitors. Supersoft sources might be able to account for 20-100% of the total SN Ia rate in a galaxy like M31.
Introduction
Supersoft sources constitute an interesting new class of Xray binary sources (cf. van den Heuvel et al. 1992 ). This is due to the fact that their spectra are extremely soft (effective temperatures of a few 10 5 K) and their luminosities are substantial (10 36 − 10 38 erg s −1 ). They thus can not only be studied in the Milky Way and the near-by Magellanic Clouds (LMC and SMC) but also in more distant galaxies (the Andromeda galaxy M31 and the spiral galaxy NGC 55). For a review see Hasinger (1994) , Kahabka & Trümper (1996) and Kahabka & van den Heuvel (1997) , see also Greiner (1996) . They are considered to be at least one class of progenitors of type Ia supernovae (cf. Branch et al.1995 , Livio 1996 , Li & van den Heuvel 1997 , Yungelson & Livio 1998 , and Branch 1998 .
In this article the observed sample of supersoft sources in the Andromeda galaxy (M31) is studied. A distance of 700 kpc is adopted (slightly different distances of 690 and 725 kpc are used in other literature). The inclination of the galaxy is 77.5
o . The inner "apparent bulge" has a radius of 3 kpc and the bulge is truncated at a radius of 6.4 kpc. The disk extends to a radius of ∼20 kpc (Hatano et al. 1997) . First a number of candidate supersoft sources in M31 is derived from the 1991 X-ray point source catalog (retrieved from CDS via anonymous ftp 130.79.128.5) making use of the hardness ratios ("X-ray colors") HR1, HR2 and the count rate information.
For the 26 candidates a hydrogen column (N H ) distribution and a white dwarf mass distribution is derived assuming non-LTE white dwarf atmosphere spectra. The observationally derived white dwarf mass distribution is compared with the mass distribution predicted from population synthesis calculations and the number of the population is corrected accordingly. The observationally derived N H distribution is compared with a galaxy scale height N H distribution and the population is corrected accordingly. This allows to constrain the whole active population distributed over the whole galaxy. Assuming objects with masses > 0.8 M ⊙ (and > 0.5 M ⊙ respectively) contribute as progenitors of type Ia SNe and explode after an evolutionary time scale of ∼ 10 6 yr a SN Ia rate is derived for M31 from this population. This rate is compared with the total M31 SN Ia rate.
The sample of supersoft sources in M31
2.1. The SW-sample 15 firm candidate supersoft sources have been found in the 1991 ROSAT PSPC observations of M31 by Supper et al. (1997) , cf. Greiner, Supper & Magnier (1997) by applying to the ROSAT PSPC hardness ratio HR1 which is defined as
with S = counts in channel 11-41 (roughly 0.1-0.4 keV), H = counts in channel 52-201 (roughly 0.5-2.1 keV). The selection criterion for a supersoft source is:
A 16-th supersoft source, a recurrent transient has been discovered by White et al. (1994) . We call this subsample of 16 sources the Supper-White (SW) sample.
It has been shown by Kahabka (1998) that the individual spectral parameters giving information on the white dwarf masses of these 16 M31 supersoft sources can be constrained if the ROSAT PSPC hardness ratios HR1 and HR2 and the count rate as given in the catalog of Supper et al. (1997) are taken into account. The definition of HR2 is HR2 = (H2 − H1)/(H2 + H1)
with H1 = counts in channel 52-90 (roughly 0.5-0.9 keV), H2 = counts in channel 91-201 (roughly 0.9-2.0 keV). The hardness ratios HR1 and HR2 and the count rates have been compared with theoretical values derived using non-LTE white dwarf atmosphere spectra. As a result we found that for all these 16 sources the white dwarf masses were quite large > 0.9 M ⊙ .
In the present work non-LTE models of white dwarf atmospheres are used (Hartmann, private communication) extending to effective temperatures as low as 3 × 10 5 K. Absorbing hydrogen columns N H and effective temperatures T eff have been determined in a N H -T eff plane from the overlap of the 90% confidence parameter regions as determined from the HR1, HR2 and count rate constraints in that plane. In order to calculate the HR1-effective temperature planes somewhat reduced errors (0.85×1σ errors) have been used. This has the effect of bounding the hydrogen column to N H > 8. × 10 20 H − atoms cm −2 which is consistent with a minimum N H ∼ 6. × 10 20 H − atoms cm −2 due to the galactic foreground column. In Table 1 values are given for the SWsample taking these new constraints into account. These values differ only slightly from those derived in Kahabka (1998) . Count rates are given for the broad (0.1-2.4 keV) band. It should be noted that although the standard deviations for some sources are very large (which might suggest that these sources are not detected significantly) all these sources have been detected significantly in the soft (0.1-0.4 keV) band (see Table 5 of Supper et al. 1997) . The high standard deviations in the 0.1-2.4 keV band are due to the fact that in this band most of the counts are background ones from the 0.4-2.4 keV range.
White dwarf masses are determined under the assumption that the source is on the stability line of surface hydrogen burning (cf. Iben 1982) . The source may even be on the plateau of the Hertzsprung-Russell diagram with radius expansion. Then its mass would be even larger. This method has been applied to the Beppo-SAX observation of CAL87 and CAL83 and reasonable white dwarf masses of ≈ 1.2 M ⊙ and ≈ 0.9−1.0 M ⊙ have been derived respectively (Parmar et al. 1997 (Parmar et al. , 1998 .
The complimentary sample (C-sample)
The SW sample cannot be complete as it has been shown that supersoft sources are expected to cover a much wider range in HR1 (Kahabka 1998) . Actually all values of HR1 in the range −1.0 ≤ HR1 < ∼ + 0.8 are possible in case the hottest (most massive) and more strongly absorbed (N H ≤ 5. × 10 21 cm −2 ) sources are included. Sources lying deep inside the galaxy disk or even located below the galaxy disk are expected to be at least in part even more strongly absorbed and are not covered by the selection criterion used for the SW sample. It may well be that part of this population is detectable but in order to investigate this point the calculations of model atmosphere spectra have to be extended to N H values in excess of the present upper bound of 5. × 10 21 cm −2 . The SW-sample per definition has no correlation with either a foreground star nor a supernova remnant. We define a complementary sample (the C-sample) as the sample covering a much wider range of candidates fulfilling the conditions: HR1 < 0.9 HR2 + σHR2 < −0.1 exclude HR1 + σHR1 < −0.8
The C-sample comprises 26 objects and is given in Table 1. It turns out to contain 4 objects correlating with foreground stars and 4 with supernova remnants. If all identifications are correct then this sample reduces to 18 objects. We introduce quality flags (1=high, 2=medium and 3=low) to qualify the overlap of the HR1, HR2 and count rate constraints in the T eff −N H -plane. "high" means that all three contours overlap, "medium" means that the HR1 and the count rate contour overlap and the HR2 contour overlap within 3-σ, "low" means that the HR1 and the count rate contour overlap and the HR2 contour does not overlaps within 3-σ. Especially objects C31 and C33 which have quality flags L and M respectively and correlate with SNRs may be discarded. Object C36 shows the characteristics of a perfect candidate (all the H1, H2 and CPS contours overlap) and a correlation with a SNR may be by chance. C18, C20, C22 and C34 correlate with foreground stars but show contour overlap. If they are indeed stars then their temperatures must be very low (possibly M stars). A discussion of the individual candidate sources of the C-sample is beyond the scope of this article. Interestingly source C26 is located in the bulge of M31 and (if the classification is correct) could harbor a very massive white dwarf very similar to the SWt transient (cf . Table 1 ). This source may be recurrent or/and very luminous. The latter point is confirmed by the high detected count rate of (40 ± 1) 10 −3 s −1 (cf. the SWt transient has a very similar count rate of (30 ± 1) 10 −3 s −1 ).
Estimating the total population
In the work of DiStefano & Rappaport (1994) a population of supersoft sources has been derived e.g. for the M31 galaxy by making certain assumptions about their spatial distribution, temperature and luminosity distribution. Here the work of DiStefano & Rappaport can be significantly extended as the sample derived from the observations has been enlarged significantly and a white dwarf mass distribution and a hydrogen column density distribution is derived for this sample.
The observation derived N H distribution
In Figure 1 the N H distribution of supersoft sources from Table 1 with well determined N H values is shown as a histogram. Each source is distributed with fractional numbers into a number of N H bins determined by the uncertainty of the value of N H given in Table 1 . Errors for these fractional numbers have been calculated in the following way. Distribution of the same fractional numbers in a range of bins which is twice as large (twice the error) reduces the fractional number per bin by a factor of 2. Therefore we used 0.5 × the fractional value per bin as the error per bin. Two histograms are given. The white histogram comprises all sources (i.e. 32) for which the N H could be constrained reasonably well, the black histogram comprises objects (i.e. 26) not coinciding with foreground stars or M31 supernova remnants. The fact that for a comparatively large sample of 26 objects hydrogen column densities can be inferred allows to probe their spatial distribution in the galaxy disk assuming a simple scale height law like an exponential law. This method allows not only to probe their distribution but also to derive a mean scale height of the detectable population. It might well be required to extend this analysis to much larger N H values in excess of 5. × 10 21 cm −2 in order to cover the more deeply embedded objects. We extended our calculations to absorbing column densities as high as 1.1 10 22 cm −2
and applied them e.g. to the source with the catalog index 156 (cf. Table 1 ). We find that this source is consistent to be highly absorbed (N H ∼ 4 − 10 10 21 cm −2 ), the total N H column density of the M31 disk at that location is ∼ 5.6 10 21 cm −2 . Fig. 1 . Distribution of hydrogen absorbing column density for the M31 supersoft sources derived for 32 objects (white histogram) and 26 objects (excluding objects identified with foreground stars and SNRs, black histogram) from the sample in Table 1 .
The derived white dwarf mass distribution
Deriving a mass distribution of a galaxy population is by far not trivial. In case of white dwarfs in supersoft sources it appears to be possible to derive reliable estimates of the masses using certain assumptions which have to be shown in later work to be correct or at least not completely unreasonable (cf. discussion in Kahabka 1998) . From the numbers in Table 1 a mass distribution has been set up (cf. Figure 2 ). Each source is distributed with fractional numbers into a number of M WD bins determined by the uncertainty of the value of M WD given in Table 1 . The histogram comprises all objects (i.e. 26) not coinciding with foreground stars or M31 supernova remnants for which the mass M WD could be constrained reasonably well. The figure shows that only objects with masses in excess of ≈ 0.90 M ⊙ can be detected which is in agreement with the expected detection limit in ROSAT PSPC count rates for the used exposure time of the observations (cf. Kahabka 1998). The reason is simply that for lower white dwarf masses the X-ray luminosities ate too low to be detectable.
Fig. 2.
White dwarf mass distribution of the M31 supersoft sources derived for 32 objects (white histogram) and for 26 objects, excluding objects identified with foreground stars and SNRs (black histogram). The sample is taken from Table 1 .
In Figure 3 the cumulative number distribution of white dwarfs in supersoft sources with masses M > 0.5M ⊙ is given as deduced for the Milky Way in the calculations of Yungelson et al. (1996) for the t 3bol -and the hydrogenburning shell approximation. t 3bol is the time it takes the white dwarf to decline by 3 magnitudes in its bolometric luminosity. Four distributions of supersoft sources are given for each approximation, the distribution of the CV class, the subgiant, symbiotic class and the total distribution. The total distributions have been used in our further discussion, e.g. to derive from the observed white dwarf distribution the predicted total distribution. In the t 3bol approximation 113 (out of 1895) objects are expected to be seen in the Milky Way with white dwarf masses in excess of 0.90 M ⊙ after correction for the limited visibility due to the N H constraint and about 226 and objects in the twice as large M31 galaxy (see section 3.3). In the hydrogen-burning shell approximation 107 (out of 1553) objects are expected to be seen in the Milky Way with white dwarf masses in excess of 0.90 M ⊙ after correction for the limited visibility due to the N H constraint and about 214 objects in the twice as large M31 galaxy. If one assumes that one is complete for masses in excess of 1.2 M ⊙ then the observed number of 4 systems (cf. Figure 2 ) would give a total population of ∼500 in the t 3bol approximation and a total population of ∼2000 in the hydrogen-burning shell approximation (as 16 for a population of 1895 are predicted in the t tbol and 3.3 for a population of 1553 in the hydrogen-burning shell approximation). The number of the total population deduced from the first approximation appears somewhat small for the M31 galaxy. Fig. 3 . Cumulative number distribution of CV-type, subgiant, symbiotic and total SSS for the Milky Way galaxy. Upper panel: t 3bol approximation, lower panel: hydrogenburning shell approximation (deduced from Yungelson et al. 1996) .
Correcting for the N H and M WD distribution
Using the observationally derived N H and M WD distribution one can, by comparing with the predicted distributions infer a total number of the population. In a simple approach a double exponential description as e.g. introduced in DiStefano & Rappaport (1994) can be used to describe the source and the N H distribution. The scale height of the source distribution h s is assumed to be different from the scale height of the N H distribution h nh . Expressing the density distribution of the gas and hence the N H distribution as
where z is the distance from the galaxy plane, ρ the gas density, and N 0 H the gas (roughly the hydrogen) column density at the base of the galaxy disk and expressing the source distribution as
with N 0 s the integrated (total) number of sources in the upper hemisphere of the galaxy disk (half of the total population) and h s the exponential scale height of the source population, then one gets from Equation 5
Then Equation 6 can be reduced to We now will derive from Equation 11 the total population of supersoft sources in M31 and the scale height of this population with respect to the scale height of the M31 gas. In a first step we define the models used for the M31 gas, in a second step we derive the scaled N H distribution and in a third step we apply a least-square fit to the scaled N H distribution.
Possible N H -models
From Equation 8 follows that the scaled n = (N H /N 0 H ) distribution has to be considered in order to derive the relative scale height of the source distribution and the total number of the population. We now discuss two possible models for the N H -distribution: a schematic one by and a detailled based on radio observations.
the Supper-N H model
In a first approach we use the galaxy N H model given in Figure 12 of . The galaxy is divided into 3 concentric ellipsoids covering the disk and one circle at the central bulge. The positions of the candidate supersoft sources have been projected onto the galaxy disk (cf. Figure 4) . The disk of M31 may be warped and flaring at the outer part (cf. Evans et al. 1998) . Such a warping and flaring of the M31 disk may affect the scale height assumptions of those supersoft sources which are found in annulus III of the N H -model of . This point deserves further investigation (cf. the galactocentric dependence of a galaxy scale height given by Evans et al. 1998 for the M31 disk, cf. also Braun, 1991) .
the Urwin-N H model
As a more refined model for the N H distribution in M31 the Urwin (1980) model is used. The radial distribution of the hydrogen column is calculated from the profile given in Figure 8 of Urwin (1980) We do not take molecular hydrogen into account. We just mention that a value of 4 × 10 22 cm −2 has been measured at the location RA (1950) = 0 h 39 m .9, Decl (1950) = 41 o 14 ′ due to molecular hydrogen (cf. Urwin 1980, page 257).
Expected incompleteness of coverage as a function of hydrogen column density and white dwarf mass
In Kahabka (1998) the theoretically expected source count rate has been derived at the distance of M31 from non-LTE white dwarf atmosphere models (model M4) for white dwarf masses in the range ∼ 0.95 − 1.35 M ⊙ under the assumption the source is on Iben's stability line of surface hydrogen burning (cf. Iben 1982) . We extended these calculations (model M5) to white dwarf masses as low as 0.85 M ⊙ (cf. section 2.1). Taking the theoretical white dwarf mass distribution derived by Yungelson (1996) into account a number/count rate diagram was calculated as a function of the hydrogen column. The result is given for models M4 and M5 in Figure 6 . From this diagram the completeness correction factor as a function of the hydrogen column has been derived making the following assumption. The X-ray survey of M31 by is according to Fig. 13 Making e.g. use of the Supper galaxy N H model it follows that for all annuli of the galaxy ellipse (including the bulge) completeness is not guaranteed and the lower hemisphere population is only partially seen. This agrees with the rather small fraction of 0.22 of the total galaxy population found for n > 1 i.e. at the other side of the midplane of the disk of M31. From Figure 6 it becomes clear that for N H = 5.×10
21 only candidates with masses > 1.15M ⊙ are detectable. This means adding the mean foreground N H of 6. × 10 20 in Supper's model annulus III is opaque for the lower hemisphere population with M WD ≤ 1.15M ⊙ but the bulge and annulus II are transparent for somewhat less massive white dwarfs (M WD ≤ 1.05M ⊙ ). Fig. 6 . Theoretical number/count rate diagram of supersoft sources for a galaxy of the size of the Milky Way and for a distance of 700 kpc (M31). Note that a galaxy like M31 has a mass twice as large as the Milky Way. These numbers follow from the population synthesis calculations of Yungelson et al. (1996) Making use of the number/count rate distribution derived from model M4 and M5 the fraction of objects seen for different hydrogen columns has been calculated and the result is given in Figure 7 . This fraction is equal to 1.0 for columns below 8.10 20 cm −2 , which means completeness is fulfilled, and decreases for increasing columns. ing the completeness correction. The scaled N H histogram is plotted in Figure 8 . This distribution extends from n=0 to n=2 and comprises both hemispheres of the galaxy. It turns out that of the 18 sources in the distribution 22% (4 of 18) fall below the galaxy disk. This may not be unexpected as the masses and hence temperatures of the white dwarfs involved are substantial and the total N H of the galaxy disk is only in one N H ellipse large enough (i.e. ≈ 7.7 × 10 21 cm −2 ) to hide the lower hemisphere population nearly completely. The total population can be inferred with Equation 11. Using the number of the corrected population above and below the galaxy disk of 80 (which is uncertain in the range 30-130 considering the errors, cf. Figure 8 ) and assuming that only a fraction of 6.0% of the whole population in the t 3bol and of 6.9% in the hydrogen-burning shell approximation is covered as only objects with white dwarf masses in excess of 0.90M ⊙ are detected a total population of 1300 (500-2200) and 1200 (430-1900) respectively is derived for the Andromeda galaxy. These numbers are consistent with the range of ∼800-5000 supersoft sources predicted from the population synthesis calculations of DiStefano & Rappaport (1994) . The distribution would be consistent to be centered at N H /N 0 H = 1. This fits with a disk population of a scale height significantly smaller than the gas scale height. A scale height ratio can be constrained from this histogram. This means the scale height of the source distribution h s can be determined with Equation 9 if the scale height of the gas distribution h nh is known. As a function of galactocentric radius h nh varies from 150 pc to 600 pc (Braun 1991) . A chi-squared fit has been applied to the normalized N H distribution. The result of a chi-squared fit of Equation 11 to the distribution given in Figure 8 is given in Figure 9 . The range of the population follows from the chi-squared fit to the measured distribution taking the errors into account. A total population of 1,800-5,800 sources is obtained for hvalues 1<h<6, which means for a source population which is more confined to the galaxy disk than the gas distribution. If there is a large population of supersoft sources in M31 then the sources are very confined to the galaxy plane. There may exist a number of the order 200 hot (> 10 5 K) and X-ray luminous planetary nebula nuclei in a spiral galaxy of the size of M31 according to the estimates of Iben & Tutukov (1985) . They can be a minor sub-population of a larger population of luminous supersoft sources but with a larger scale height (h<1). From the formal fit of Equation 11 to the normalized N H distribution (making use of the Supper-N H model) we would exclude that a population of hot and luminous planetary nebula nuclei (of order of 200 objects) alone account for the observed sample.
Number of sources expected with the Urwin-N H model
The normalized N H histogram is also calculated by making use of the Urwin N H model for the north-eastern (NE) part of the galaxy. This N H model consists of a radial distribution with 57 rings. This distribution has been converted into a galaxy N H model of M31 by assuming an inclination of the galaxy of 77.5 o (cf. Figure 4) . This is a more refined model than the Supper-N H model. The normalized distribution is given in Figure 10 . This distribution appears to cover only parts of the normalized N H -bins. The main histogram extends over the range NH NH 0 =0.0-0.6. This fact can be explained if one considers the galactocentric distribution (12-16 kpc) of the sources which fall into this interval (cf. section 5) and the projected hydrogen columns of the M31 galaxy ∼ (4−9) 10 21 cm −2 for these radii. The hydrogen columns are that large that indeed only part of the upper hemisphere population is detectable in agreement with the histogram extending to values well below n=1.0. The entries in the histogram for n∼ 1.5 − 2.0 are from the population found at radii 18-23 kpc. Here the projected hydrogen columns of ∼ (1 − 3) 10 21 cm −2 are lower and the lower hemisphere population is detectable. But this part of the histogram is not very significant. We constrain our fit of Equation 11 only to the n=0.0-0.6 regime. This allows to constrain the size of the population and the scale height ratio. As we do not cover the top of the distribution we are not able to determine an upper bound for the population. Only by constraining the scale height ratio to realistic values for stellar populations we can determine an upper bound for the population.
The size of the population as derived with the Urwin-N H model is consistent to be in the range ∼1000-10,000 sources for a scale height ratio h=1-5 (cf. Figure 11) . As a refined model the radial profiles of the northeastern (NE) and the south-western (SW) galaxy as given in Urwin (1980) have been used to calculate a N H -map of the galaxy and to deduce the hydrogen-column at the location of each supersoft source. The normalized N H distribution has been calculated which is given in Figure 12 . This distribution extends over a similar N H /N H0 range as for the Urwin model. A fit of Equation 11 to this distribution for a population is given in Figure 13 as a func- Figure 10 . The confidence plane for the scale height ratio h = h H /h s -population plane shown. The 95% confidence bound is given as solid line and the 90% confidence bound as dashed line. The 10% confidence is given by a dotted line. The fit has been applied to the 0 < n < 0.6 distribution (part of upper hemisphere).
tion of the scale height ratio h = h H /h s . This distribution again extends mainly over the n=0.0-0.6 interval (see discussion above). The size of the population is ∼1000-10,000 for a scale height ratio h=1-5. There are sources from Table 1 which fall beyond the n=2 limit and are rejected (in the specific N H -model). For the NE-SW Urwin model these sources are found either at radii >15 kpc or at radii <5 kpc. The nature of these sources is unclear or the N H -model is still too crude (but see discussion in section 5). Some sources correlate with a foreground star or a M31 supernova remnant. Another possibility is that these sources are located at a large distance from the galaxy plane (>500 pc) and are projected due to the considerable inclination of the galaxy towards the wrong reference hydrogen column. But this appears to be quite unlikely. Figure 12 . The scale height ratio h = h H /h s -population plane is shown. The 90% and 90% confidence bounds are shown as dashed and solid lines. The 10% confidence bound is shown as dotted line. The fit has been applied to 0 < n < 0.6 distribution (part of upper hemisphere). The bar gives the estimate derived from the galactic population, cf. section 4.3. The NE-SW model may describe the distribution of the hydrogen column in M31 in a good approximation. It becomes evident that in the range of galactocentric radii 12-16 kpc where most supersoft sources are found the hydrogen column is that large that only part of the upper hemisphere population is visible. The total population can be constrained dependent on the scale height ratio.
In Table 2 the size of the population of supersoft sources in M31 as derived from different galaxy N H models is summarized. In the Supper N H model numbers have been derived from the n=0-1 histogram (the complete upper galaxy hemisphere) and in the Urwin N H model from the n=0-0.6 histogram (60% of the upper galaxy hemisphere). Interestingly the range of the population derived from different N H models does not differ much. This may be due to the fact that the errors associated with the (corrected) numbers are substantial due to the small number of selected sources. In order to better confine the range of the population detections of supersoft sources in the 12-16 kpc ring for values n>0.6 are required. Such sources are heavily absorbed, they have hydrogen columns N H > 2.5 − 5 10 21 cm −2 according to Figure 6 and they are only detected in the ROSAT 1991 survey of Supper if the white dwarf mass is in excess of 1.2 M ⊙ (see possible candidates in the C-sample, cf. Table 1 ).
Comparison with the galactic population
There is evidence that the group of observed galactic supersoft sources is larger than assumed. Patterson (1998) proposes three sources to belong to this family, e.g. V Sge, T Pyx and (possibly) WX Cen. These blue and optically bright binary systems have orbital periods of 12, 2, and 10 hours. Assuming distances of 1.3, 2.5, and 1.4 kpc the objects are found 200, 430, and 16 pc above the galactic plane. The two "standard" galactic supersoft sources RX J0925.7-4758 and RX J0019.8+2156 are 33 and 840 pc above the galactic plane assuming distances of 1 kpc. Assuming an exponential z-distribution (cf. Equation 6) and assuming a scale height for the source population h s the total population can be constrained in order to be consistent with this sample. This is an independent consistency check for the distribution and size of the galactic sample. Assuming a scale height of 150 pc the population has to be greater than 270 in order to explain the discovery of one source such as RX J0019.8+2156 at such a large scale height. Assuming a much smaller scale height of 30 pc the probability of observing one RX J0019.8+2156 is negligible. The scale height of a population of supersoft sources which can explain RX J0019.8+2156 has to be larger than 105 pc if the total population is <3000. This is not a problem as 105 pc is still a small scale height for stellar populations. T Pyx is a recurrent supersoft source which is found 200 pc above the galactic plane. T Pyx may harbor a massive white dwarf as it has a recurrence period of 20 years. According to the population synthesis calculations of Yungelson (1996) there may be 113 galactic supersoft sources which are more massive than 0.9 M ⊙ . These sources can become recurrent supersoft sources with such a recurrence period (cf. Kahabka 1995) . Assuming a scale height of 105 pc for the source distribution 2 sources are expected to be found at a distance from the galactic plane as large as in T Pyx (430 pc). To observe one T Pyx is therefore in full agreement with this number. The distance from the galactic plane of all other supersoft sources is considerably smaller and is in agreement with such a population. The conclusion is that the prediction of a population of ∼1900 supersoft sources in the Milky Way by the population synthesis calculations of Yungelson (1996) is in agreement with the so far discovered galactic population if the scale height is ∼100 pc. One expects then 0.6 systems to be observed at the distance from the galactic plane of 840 pc, the distance of RX J0019.8+2156.
Assuming a scale height for the galactic supersoft sources of 100 pc and a scale height for the gas of 200-600 pc a value h = 2 − 6 (Equation 9) is derived. Scaling with the mass ratio of the Andromeda galaxy and the Milky Way galaxy, which is about 2, one expects from the population synthesis calculations of Yungelson (1996) that there exists a population of ∼3800 supersoft sources in M31. Such a population having h = 2 − 6 is consistent with the chi-squared fit to the normalized N H distribution given in Figure 9 , 11 and 13. There is still the possibility of a bi-modal population consisting of a more extended population (e.g. the CV-type supersoft sources) and a more to the galaxy plane confined population (e.g. the subgiant class). We fitted such a bi-modal population to the normalized N H histogram of Figure 12 and find that an extended (3 > h > 1) population of 500 sources and a confined (h<10) population of ≤ 6000 sources is possible.
The spatial distribution
The 26 supersoft sources found in M31 are distributed over the whole galaxy disk (cf. Figure 4 for the distribution of the SW and the C-sample, cf. also Figure 14 and Figure 15 ). This may be in favor for a disk population. Recent spatial studies of novae in M31 using a Monte Carlo simu-lation have been performed by Hatano et al. (1997) . From this study it follows that the ratio of bulge to disk population is about 1/2 similar to the ratio of bulge to disk mass of this galaxy although there is some controversy about this subject. In comparison for the Milky Way a ratio of 1/7 is found both for the novae and the mass. The M31 bulge has in the model of Hatano a radius of ∼6 kpc (equivalent to a projected size of 0.5 o ). A more extended discussion on the distribution of novae in M31 can e.g. be found in Capaccioli et al (1989) , Rosino et al. (1998) and Yungelson et al. (1997) . Interestingly there are 6 of the 31 (likely) candidate supersoft sources found in the bulge region. But three of these objects correlate eiher with a galactic foreground star or a M31 supernova remnant. A ratio 1/(5-10) is derived for supersoft sources detected in the bulge compared to objects detected in the disk. This ratio reduces to 1/(4-7) if only "accepted" systems are considered (cf. Figure 15 ). There may be a chaining of supersoft sources (from the C-sample) along a ∼(12-16) kpc arm (cf. Figure 4 ,5, 14 and 15). This feature may also be found in the model of Hatano (cf. his Figure 3 ). The spatial distribution of the SW-sample (with a mean radius of 14 kpc) is consistent with a 12-16 kpc spiral arm of the M31 galaxy (cf. Figure 6 of Braun 1991). Another grouping of supersoft sources in a 18-21 kpc ring (cf. Figure 15 ) may be connected to a 18-24 kpc spiral arm (cf. Braun 1991) . There are no detections within the 6-12 kpc ring (the only exception may be the source with the catalog index 212). In this ring the (projected) hydrogen column reaches values up to 1.5 × 10 22 cm −2 . Table 1 ).
In Figure 15 we also show the galactocentric distribution of the M31 novae (from Sharov & Alksnis 1991 , blue stars (B-V<0.3) and Cepheids (from Magnier et al. 1992 and Haiman et al. 1994 . Novae belong to an old stellar population and are preferentially detected in the bulge (at galactocentric radii < ∼ 6 kpc). Blue stars belong to a young stellar population and trace the galaxy light. Cepheids belong to a somewhat older population. The distribution of Cepheids trace the spiral arms of M31 where recent star formation is taking place. They are found (in the distribution) predominantly within 8-15 kpc. For a consideration of the completeness of the Cepheid sample see Magnier et al. (1997) . Actually there could be a second Cepheid peak at galactocentric radii 18-22 kpc where another M31 spiral arm is found and where a peak in the supersoft distribution is found. But the Magnier survey apparently did not cover this region.
While novae appear to be bulge-dominated in the observational sample most possibly due to the low dust content of the M31 bulge supersoft sources appear to be to a less degree bulge-dominated and are more likely associated with the spiral arms. Considering only objects with 0<n<2 then supersoft sources are found within galactocentric radii of 5-25 kpc. They are not found in the bulge of M31, but within the range of Cepheids and blue stars and at 18-22 kpc. Bulge sources at galactocentric radii r<6 kpc are only found in the "intrinsically absorbed" sample. They may be consistent with classical or symbiotic novae as these objects show high intrinsic absorption and tend to belong to an old population. The M31 supersoft sources may belong to a younger population similar to the Cepheids but to an older population than blue stars. Hatano et al. assume a scale height of the M31 novae of 350 pc. We find that the scale height of the M31 supersoft sources is consistent to be smaller (100-150 pc, at 5 kpc) which favors a younger stellar population and is in agreement with the supported view that slightly evolved main-sequence stars or subgiants are involved (van den Heuvel et al. 1992) . A mean space density can be inferred for the population of supersoft sources in M31 (assuming that they are homogeneously distributed in a disk of radius 20 kpc and have a scale height of 150 pc) of ∼ (0.1 − 5) × −8 pc −3 . One could suspect from Figure 15 that we see two different sub-populations of supersoft sources, one in the bulge at galactocentric radii <6 kpc, possibly associated with (classical and symbiotic) novae, one at radii 12-16 kpc and 18-20 kpc respectively tracing spiral arms and possibly associated with subgiants and CV-type supersoft sources and one at radii 18-22 kpc also associated with a spiral arm and possibly associated with subgiants and CV-type supersoft sources. Fig. 15 . Upper panel: galactocentric distribution of supersoft sources in M31. Separate histograms are shown for objects not correlating with a foreground star or a M31 supernova remnant and located in the upper (n<1), lower (n>1) galaxy hemisphere. Also the distribution of "intrinsically absorbed" sources (n>2) is shown and the distribution for both hemispheres (0<n<2). Lower panel: galactocentric distribution of novae (from Sharov & Alksnis 1991 , M31 blue stars with B-V<0.3 (from Magnier et al. 1992 and Haiman et al. 1994) and Cepheids (the Baade and Magnier sample, cf. Magnier et al. 1997) .
Estimating a SN Ia rate inferred from the population of supersoft sources in M31
Assuming a total number of ∼1000-10,000 active supersoft sources in M31 as follows from an analysis in paragraph 4.3 and applying the cumulative mass distribution from Figure 3 gives a fraction of 26% in the t 3bol and 32% in the hydrogen-burning shell approximation for white dwarf masses in excess of 0.7 M ⊙ . Assuming that all objects with white dwarf masses in excess of 0.7 M ⊙ explode as type Ia supernovae after a typical life time of 10 6 years, a SN Ia rate of ∼ (0.3 − 3) × 10 −3 yr −1 is inferred (in both approximations). Assuming that all objects with white dwarf masses in excess of 0.5 M ⊙ explode as type Ia supernovae after a typical life time of 10 6 years (cf. Yungelson et al. 1995) , a SN Ia rate of (0.8 − 7) × 10 −3 yr −1 is inferred (for the two approximations). Supersoft sources could then contribute up to a rate of 7 × 10 −3 yr −1 . Capellaro (1997) assuming our Galaxy to be a spiral of type Sb or Sc, detected a Type Ia supernova rate of (2 − 2.5) 10 −3 yr −1 which for M31, with is about two times larger mass, means: (4 − 5) 10 −3 yr −1 . It thus seems that the supersoft X-ray sources can make a major contribution to the Type Ia SN rate in M31.
In is interesting to note that the historical supernova SN 1885 (S And) might be a subluminous SN Ia (Chevalier & Plait 1988 , Fesen et al. 1998 ). This supernova is located in the bulge of M31.
Conclusions
From the 1991 ROSAT PSPC M31 X-ray point source catalog a sample of 26 candidate supersoft sources has been derived using one of the selection criteria HR1 + σHR1 < −0.8 or HR1 < 0.9, HR2 + σHR2 < −0.1 and assuming that the observed count rate is in agreement with the expected steady-state luminosity. For these candidates absorbing hydrogen column densities, effective temperatures and white dwarf masses (assuming the sources are on the stability line of atmospheric nuclear burning) are derived. The observed white dwarf mass distribution of supersoft sources in M31 appears to be constrained to masses M > ∼ 0.90 M ⊙ . The whole population of supersoft sources in M31 is estimated accordingly to be at least 1000 and at most 10,000 taking a theoretical white dwarf mass distribution and a double exponential scale height distribution for the gas and the source distribution into account and under the assumption that the observationally derived sample is restricted to white dwarf masses above 0.90 M ⊙ . This range of a population has to be compared with the range of a population of ∼800-5000 sources as predicted from population synthesis calculations. We find the source population scale height to be ∼300 pc for a scale height for the gas of 150-600 pc. This is consistent with a young stellar population. Assuming a life time as a steadily nuclear burning white dwarf (a supersoft source) of ∼ 10 6 yr and that all supersoft sources with masses in excess of 0.5 M ⊙ are progenitors of supernovae of type Ia, a SN Ia rate of ∼ (0.8 − 7) × 10 −3 yr −1 is inferred for M31 based on these progenitors. Supersoft sources then comprise 20-100% of the SNe Ia progenitors for a total estimated SN Ia rate of (4 − 5) × 10 −3 yr −1 .
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